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ABSTRACT 


Three  ships  of  the  ED931  Class  experienced  tube  failures  ir.  tae 
superheater  third  pass.  All  failures  occurred  in  the  sene  tube  res 
and  all  boilers  inspected  revealed  similar  patterns  of  fireside 
corrosion,  sail  thinning  and  overheating.  Tubes  of  the  3SS  BAHHY 
(E0933)  sere  inspected  and  feund  to  have  experienced  sail  thinning  up 
to  54%  in  certain  areas,  although  no  failures.  The  Naval  3oiler  and 
Turbine  Laboratory  xas  assigned  the  responsibility  of  planning  -nd 
directing  an  investigation  uboerd  the  TJSS  BAHHY  in  order  to  evaluate 
boiler  conditions  and  determine  the  cause  of  sail  thinning  and  tube 
failures.  Metal  temperatures  as  high  as  1390°?  sere  observed.  Various 
superheater  modifications  including  gas  baffling  and  superheater  tube 
removal  sere  made;  appreciable  reductions  in  octal  ter^^ratmey  sere 
observes.  Calculations  based  cn  the  investigation  data  determined  the 
optimum  class  modification  required  to  reduce  tube  netal  terperc tunes . 


This  project  vas  authorized  by  3USH1PS  ltr  DD931  CI/9510;  DD945 
Cl/9510;  Ser  651A-947  of  29  June  1961.  Approval  for  the  superheater 
investigation  to  be  conducted  aboard  the  CSS  BARRY  (K933)  vas  given 
by  the  Coaaander,  Destroyer  Force,  United  States  Atlantic  Fleet  by 
COEESULVT  dispatch  0319462  of  July  1961.  Boston  Kaval  Shipyard 
Request  for  Performance  of  fork  1H2-O202  of  7  July  1961  provided  funds 
to  the  Kaval  Boiler  and  Turbine  Laboratory  for  the  instrumentation  of 
one  boiler  on  the  USS  BARRY  and  consultant  services  for  conducting 
the  evaluation.  5USKIPS  ltr  DD933;  Ser  651A-1007  of  ZP  July  1961 
directed  that  a  representative  frco  the  Kaval  3oiler  and  Turbine 
Laboratory  head  the  personnel  conducting  these  evaluations. 
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RACKBQgKD 

Superheater  tube  failures  by  bursting  have  occurred  in  super¬ 
heaters  of  DD931  Class  Babcock  &  Tile  ox  boilers.  Table  1  gives 
pertinent  facts  ca  failures. 

Table  1 

EP931  Class  Superheater  Failures 


Shin 

SH» 

Tube 

Steaming 
Hours  @ 
Failure 

IBS  PCBEEST  SHSatAN  (DE931) 

1A 

193 

11,892 

13 

19A 

11,819 

23 

193 

12,200 

USS  JCE5H  PAUL  JOKES  (E0932) 

13 

193 

— 

USS  HANLEY  (DD940) 

— 

19A 

— 

♦NOTE:  Tubes  numbered  1  through  45  bottco  to  top,  end  A  through 

H  frea  furnace  side  to  generating  bank  side  of  superheater. 

All  superheater  tube  failures  had  the  following  similarities: 

a.  Location  of  all  failures  was  in  tubes  of  the  19th  ror  free  the 
bottco  an  the  furnace  sice  leg.  This  19th  rew  is  the  top  tube  row  of  the 
lcarer  furnace  side  header  section  and  has  a  2-1/2"  space  between  it  and 
the  bottcc  tube  row  (20)  of  the  upper  header  section.  The  19th  row  is 
in  the  third  pass;  the  29th  row  in  the  second  pass. 

b.  AH  tube  failures  occurred  oa  the  outer  loop  or  in  the  second 
loop  in  (the  A  or  3  leg). 

c.  All  ruptures  occurred  ca  the  tube  side  facing  the  furnace. 

d.  All  ruptures  occurred  approximately  30*  free  the  superheater 
header. 


I 


A 
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e.  All  ruptures  were  thick  lipped  but  varied  in  size  free  slits 
rith  little  bulging  to  rather  large  ruptures  (4"  long  x  1-3/4**  across 
the  opening)  with  ouch  bulging. 

f .  Tube  rails  in  the  area  of  the  ruptures  had  thinned  frea  the 
gas  side  on  that  portion  of  the  tubes  facing  the  furnace.  This  was 
especially  so  in  the  cuter  loop  tubes,  and  thinned  tubes  included  tubes 
free  at  least  the  8th  tube  free  the  bottca  to  the  19th  tube  frea  the 
bo t ter. 

g.  All  failed  tubes  we-e  18  Cr  -  8  Ki  alloy  with  ncninal  rail 
thickness  of  0.156".  All  tubes  in  the  3rd  and  4th  pass  are  of  this 
cate rial. 

During  examination  of  boilers  2A  and  23  on  FORREST  SHERMAN  on 
5  May  1961,  it  was  noted  that  there  was  quite  a  difference  in  appearance 
between  the  superheater  tubes  of  the  top  two  passes  and  those  of  the 
bottca  two.  It  was  noted  that  the  betten  two  passes  showed  signs  of 
corrosion  and  overheating  toward  the  rear  that  were  not  nearly  as  evident 
toward  the  front,  and  that  these  signs  were  non-existent  in  the  upper 
two  passes. 

Observations  similar  to  the  above  were  repeated  cn  toiler  13  of 
JGHN  PAUL  JONES  cn  16  kay  1961  and  were  verified  by  special  inspection  of 
FORREST  SHE3UN  cn  31  Kay  1961  when  it  was  also  determined  that  the  19th, 
18th,  17th,  16th  end  15th  tubes  frea  the  bottca  shewed  very  definite 
signs  of  corrosion  as  cccyared  to  the  tubes  below  then. 

Inspection  of  the  USS  BARRY  (DD933)  superheaters  free  furnace  and 
cavity  in  early  July  1961  showed  a  similar  pattern  free  the  firesides. 
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tut  not  nearly  as  ac ter.tuated  as  or.  FORREST  CUFRMAN  and  JOHN  PAUL  JOSES. 
The  difference  was  undoubtedly  due  to  *J»  fact  that  BARRY  toil:- rs  had 
ferer  stealing  hours  than  tne  boilers  of  the  other  two  snips. 

It  was  fairly  veil  established  that  failure  of  the  superheater 
tubes  could  be  attributed  to  ■rail  thinning  caused  by  fuel  -  ash 
corrosion  and  high  tube  metal  temperatures.  Materials  Laboratory, 
Boston  Naval  Shipyard  (refer  to  Report  No.  1534  of  29  June  1961) 
estimated  that  a  fractured  tube  frca  the  FCHR2ST  SHEH24AN  had  reached 
a  temperature  in  the  vici  ity  of  1300°?  during  boiler  operation.  This 
xas  verified  by  separate  Boiler  and  Turbine  Laboratory  data  therein  it 
xas  determined  that  the  failed  tube  frca  JOHN  PAUL  JOKES  had  operated 
in  the  region  of  1400°F  (refer  to  Plate  1).  Materials  Laboratory, 

3oston  Naval  Shipyard  also  determined  that  superheater  tubes  free  the 
BARRY  experienced  up  to  54*  wall  thi ruling  in  the  A  row  and  up  to  48^ 
in  the  3  row,  with  rar.sa  thinning  occurring  at  tube  19 A.  It  ws  con¬ 
cluded  that  this  thinning  was  due  to  external  corrosive  attack  by  fuel 
oil  ash. 

It  is  ire xr.  that  higr.  tube  metal  temperatures,  especially  above 
1250°?  are  a  prime  factor  to  be  considered  as  concerns  the  arncrmt  and 
extent  of  corrosion  frca  residual  fuel  oil  -sh.  Tb?  amctxt  of  erosion- 
corrosion  whicr.  tabes  plat*  in  a  particular  boiler  will  also  depend 
upon  gas  temperatures  arc  gas  velocities  entering  the  various  section-: 
cf  the  superheater  arc  the  amount  and  ;csrditicr.  of  the  ash  carried  along 
with  the  gases  of  ^  cuius  tier..  It  has  been  considerec  that  perhaps  both 
gas  f lev  and  steam  flow  naJuistrituticn  nave  increased  t be  -crroeicr. 
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rate  on  the  superheaters  in  toilers  cf  the  FORREST  5KS1WJ  t ,ype.  To 
sccexhat  improve  gas  flew  distribution  and  to  provide  sens  initial 
improvement  in  the  superheaters  cf  the  DD931  end  DD9t5  Class,  a  gas 
baffle  for  installation  in  the  space  betreen  the  2nd  and  3rd  passes  on 
the  superheater  furnace  side  vas  rec  cere  need  by  23TL  and  ras  authorized 
by  Bureau  of  Ships  dispatch  022033Z  of  1  June  1961. 

The  superheaters  of  the  DD931  Class  Babcoch  &  Wilcox  boilers  have 
four  passes  containing  a  total  of  ISO  U-type  tubes.  Each  tube  rcr 
consists  cf  four  separate  U-locps  so  arranged  that  the  space  betseer. 
legs  cf  the  innermost  loop  provides  sufficient  rocc  fer  a  person  to  enter 
the  superheater  cavity.  Both  inlet  and  outlet  headers  are  on  the 
generating  ban!  side  of  the  superheater  xith  the  inlet  header  being 
at  the  top.  Two  rows  of  staggered  tro-inch  screen  tubes  are  located 
betxeen  the  furnace  and  the  superheater  tank.  Superheater  tubes  of  the 
first  tro  passes  ere  1-2/4"  OD  by  0.156"  thick  and  are  to  liilitary 
Specification  "H.-T-162S63,  Class  e  ahich  is  2-1/4*  Cr.  1%  Uo.  Tubes 
cf  the  last  tro  passes  are  1-1/4"  OD  by  0.156"  thick  and  are  to  the 
sane  specification,  but  are  class  C  vr.ich  is  1 S*  Cr,  8%  Ni,  austenitic. 

The  rorkirg  pressure  cf  the  superheater  is  1250  psig  and  the  stean 
temperature  at  the  superheater  outlet  is  a  r.inisun  cf  92r°?  at  cruising 
and  full  newer  not  to  exceed  97C°?  at  any  raV . 

Bureau  of  Ships  itr  DD531  Cl/9510,  DD945  Cl/9510;  Ser  651A-947  of 
29  Jure  1961  ar.i  Boston  Naval  Shipyard  Request  for  Performs!  re  of  Wert 
WR2-0202  cf  7  July  1961  requested  that  Babcock  &  Wilcox  £0931/00945 
Class  boilers  be  evaluated  tc  determine  the  conditions  in  the  superheaters 


V. 
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thich  led  to  tube  thinning  and  failure.  These  evaluations  vere  con¬ 
ducted  on  Boiler  23  of  the  USS  BARRY  (DD933)  in  accordance  with  the 
Agenda,  Appendix  I.  Scce  portions  of  the  Agenda  such  as  excess  air 
and  high  speed  lighting  off  runs  rere  not  conducted  since  high  super 
heater  tube  temperatures  re  re  observed  and  evaluated  during  normal 
boiler  operations. 

Knowledge  gained  free  this  evaluation  resulted  in  a  class  codifi¬ 
cation  (Condition  D  -  see  “Purpose  of  Test")  xhich  ras  installed  cr» 
all  boilers  of  the  USS  JOSP’  PAUL  JOKES  by  direction  of  3uretu  of  Ships 
dispatch  2520262  of  October  1961. 

REPORT  Or  INVESTIGATION 
PURPOSE  OF  TESTS 

The  primary  consideration  cf  this  evaluation  *as  to  chlean  analysis 
of  a  superheater  in  a  DD931  Class  Babcock  &  Wilcox  s tearing  boiler  to 
determine  (1)  conditions  under  xhich  tube  corrosion  is  taking  place, 

(2)  *hat  measures  can  be  taken  to  extent  superheater  life,  and  (5) 
methods  that  can  be  used  to  predict  superheater  tube  life.  These  ob¬ 
jectives  vere  obtained  by  instrumenting  cce  superheater  to  primarily 
determine  the  foll^ing:  (1)  tube  metal  temperatures  in  the  second,  thir'h 
and  fourth  pass  superheater  tubes,  (2)  steam  temperatures  at  various 
locations  in  the  superheater  steam  passes;  (3)  cccbusticr.  gas  temperatures 
in  the  superheater  cavity;  and  (4)  supplementary  information  to  assist 
in  making  a  complete  analysis  cf  the  problem.  Pertinent  plan  dra vings 
are  shevn  in  Plate  2,  sheet  1  through  A . 

This  evaluation  xas  conducted  cn  3oiler  25  of  the  USS  BARRY  (DD533) 
*ith  the  following  boiler  conditions  (refer  to  Plate  3)  existing  £'- 
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each  phase  of  testing: 

a.  Condition  A  -  Original  configuration  of  USS  BARS?  3oiler  23. 
This  configuration  is  the  same  as  the  final  configuration  of  the 
Laboratory’s  DD931  Class  test  boiler  as  reported  under  K3TL  Report 
3-168. 

b.  Condition  3  -  See  as  Condition  A  except  that  a  refractory 
bric>  baffle  was  added  in  the  lane  between  the  second  and  third 
superheater  passes  (Tube  19  and  20)  extending  over  the  entire  furnace 
depth. 

c.  Condition  C  -  Saae  as  Condition  A  except  that  superheater 
tube  row  19  (plan  pieces  805,  806,  807  and  808)  and  third  pass  inner 
loop  tubes  14  through  18  (plan  piece  803)  were  removed.  A  refractory 
trici  baffle  was  placed  be  trees  superheater  tube  rears  18  and  20, 
which  extended  over  the  entire  furnace  depth. 

d.  Condition  P  -  Class  modification  arrived  at  by  evaluation  of 
data  obtained  during  conditions  A,  B,  and  C  testing  aboard  the 

USS  BARRY.  This  boiler  condition  is  the  sane  as  condition  A  except 
that  tube  row  19  (plan  pieces  805,  806,  807  and  SOS)  and  the  entire 
third  pass  inner  loop  tubes  (plan  piece  808)  are  removed.  In  order  to 
maintain  the  support  structure  of  the  superheater,  cast  slugs  are 
installed  in  the  spaces  left  by  the  removed  tubes  as  shown  in  Plate  4. 
iETHJD  0?  TEST 

General 

These  evaluations  were  conducted  cm  Boiler  23  cf  the  USS  BARRY 
(UD933)  in  conjunction  with  Pest  Repair  Trials  out  of  Boston  Naval 
Shipyard  during  September  and  October  1961,  m  accordance  with  the 
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Agenda,  Appendix  I.  Installation  ami  initial  checkout  of  all  in- 
strucEntat-' jn  was  collated  on  28  September  1961.  The  complete  ship¬ 
board  testing  program  ran  free  29  Sep  tender  to  9  October  1961;  of  this 
time,  four  days  were  required  to  collate  the  evaluation  of  the  shipboard 
Hitler  conditions  A,  B,  and  C,  ahile  the  intermediate  working  days  xere 
consumed  in  ccepleting  boiler  nbdifications  to  Conditions  3  and  C. 

The  Laboratory  aas  assigned  the  responsibility  of  planning, 
coordinating,  conducting,  evaluating  and  reporting  an  the  test  with 
assistance  from  the  3oston  Haval  Shipyard  and  ship's  complement. 
Instruaentatico 

The  arrangenerr  and  details  of  instruaentation  for  the  superheater 
evaluation  was  as  shown  in  Plate  5,  and  is  suacarised  as  follows: 

a.  Tube  Ifetai  Temperatures  -  A  total  cf  eleven  the moc copies 
ware  installed  on  the  outer  skin  of  the  superheater  tubes  with  all 

hot  junctions  in  the  gas  path  3D"  freer  the  centerline  of  the  superheater 
headers.  Starting  to  count  superheater  tubes  free  the  bottom,  last  pass, 
end  labeling  tube  legs  A  to  H  beginning  with  the  furnace  side  leg,  the 
following  tube  locations  had  thermocouples:  1A,  IE,  SA,  6E,  SB,  9A, 

13A,  ISA,  19A,  193,  end  2QA. 

b.  Shear  Tenperaturcs  -  Thermocouples  were  installed  to  indicsce 
steam  temperature  in  the  various  superheater  circuits.  These  were 
Installed  in  the  superheater  tubes  adjacent  to  the  superheater  headers 
in  the  header  vestibule.  Using  the  sere  lumbering  procedure  as  in 
subparagraph  A  above,  these  steam  terperature  thermocouples  were 
located  as  fellows: 
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(1)  3oiler  Conditions  A  and  3  -  Total  of  32  thermocouples 
located  at:  1A,  ID,  12,  1H,  SA,  6D,  82,  SH,  9A,  9D,  92,  93,  13A,  133, 
16A,  ISA,  1SH,  19A,  19D,  192,  19H,  2QA,  20D,  2GE,  2QH,  27A,  27H,  31A, 
31H,  32A,  323,  and  42A. 

(2)  3oiler  Condition  C  -  Total  cf  36  thermocouples  located  at: 
1A,  ID,  12,  1H,  3A,  33,  5A,  5D,  52,  53,  8A,  8D,  62,  83,  9A,  9D,  92, 

93,  13A,  13H,  16A,  ISA,  ISC,  18?,  183,  2QA,  20D,  2CE,  203,  27A,  27K, 

31A  313,  32A,  323,  and  421. 

c.  Tro  cilti-shielded  high  velocity  thermocouple  probes  were 
installed  in  the  superheater  cavity  to  obtain  gas  tempera tures .  One 
was  located  in  the  gas  path  between  the  third  and  fourth  passes  and  the 
other  between  the  second  and  third  passes.  These  probes  could  be 
traversed  through  the  furnace  depth. 

d.  Five  thermocouples  were  installed  in  the  gas  path  before,  and 
five  after  the  eccncciser. 

e.  A  pencil  type  thermocouple  was  installed  at  tne  superheater 
outlet  to  measure  final  steam  temperature. 

f .  Pencil  type  thermocouples  were  installed  at  both  forced  draft 
blower  discharges  to  nee sure  combustion  air  temperature  to  the  boiler. 

g.  Economiser  water  inlet  ana  outlet  temperatures  were  neasurec  by 
peened  thermocouples . 

h.  COj,  CO,  and  0^  percentages  in  the  stack  gas  were  measured 
using  a  cone  primary  element  and  an  Orsat  apparatus  for  analysis 


and  readout. 

i.  Ship's  instrumentation  was  used  to  obtain  fuel  oil  supply 
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pressure  and  the  following  steaa  pressures:  steam  drum,  superheater 
outlet,  desuperheater  inlet,  and  desuperheater  outlet  during  Conditions 
A  and  3  testing.  For  condition  C  testing,  two  16"  Laboratory  test 
gages  were  installed  for  neasureaent  of  drum  and  superheater  outlet 
pressures  in  order  to  permit  rsare  accurate  evaluation  of  pressure  drop. 

j.  Fuel  oil  rate  to  the  test  boiler  was  obtained  fran  the  ship's 
fuel  oil  neter  and  verified  by  sprayer  plate  capacity  curves  using 
fuel  pressure  obtained  frees  ship's  fuel  supply  pressure  gage. 

k.  Air  pressure  at  the  vindbax  was  obtained  using  ship's  nanometer. 

l.  FUel  ell  samples  were  obtained  during  test  and  later  analysed. 
Samples  were  taken  twice  (hiring  each  day's  testing  free  a  line  tapped 
directly  off  the  burner  fuel  supply  manifold. 

Procedure 

Boiler  Condition  A  -  Shipboard  evaluation  cf  the  USS  HARRY  Boiler  23 
under  this  condition  was  conducted  an  29  and  30  September  1961.  Ifeta 
was  observed  during  boiler  light-off  and  shut-down,  ship's  caneuvering 
into  and  exit  cf  pert,  steady  ship's  speeds  at  boiler  rates  of  10,  15,  20, 
and  25  knots  and  boiler  full  power.  3oiler  data  was  also  observed 
during  10  to  25  knot,  and  25  to  10  knot  maneuvers,  as  well  as  during 
soot  blowing  of  tubes  at  the  25  knot  boiler  condition.  The  burner 
ccnbi nations  end  sprayer  plates  used  during  all  operations  were  essen¬ 
tially  in  agreement  with  the  re  coxy  relations  of  K3TL  Report  3-16S, 
except  when  burner  changes  were  made  at  the  request  cf  the  vest  engineer 
in  order  to  observe  the  effects  of  varying  burner  combinations  cn 
superheater  tube  metal  and  final  steam  te=»ratures. 
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Boiler  Condition  B  -  The  shipboard  evaluation  of  the  OSS  EAHHY 
Boiler  23  under  this  conditi.cn  was  conducted  on  3  October  1961.  Boiler 
data  was  observed  for  essentially  the  sane  operational  conditions  cs 
for  Condition  A  described  above. 

3oiler  Condition  C  -  Test  instrumentation  far  this  Condition  C 
las  slightly  modified  as  noted  in  the  instrumentation  section  above. 
Shipboard  evaluation  of  the  OSS  BASH!  Boiler  23  under  this  condition 
was  conducted  on  9  October  1°61.  Boiler  data  was  observed  for  essen¬ 
tially  the  sane  operational  conditions  as  far  Conditions  A  end  3 
described  above. 

RESOLTS  Or  TESTS 

Superheater  tube  netal  temperatures  were  observed  to  be  extremely 
high  (refer  to  Plate  6)  during  Condition  A  steady  state  runs.  Tube  19A 
was  1200°?  at  the  15  knots  condition,  and  reached  a  sarinra  of  1390°?  at 
the  25  knots  condition.  Condition  3  resulted  in  an  appreciable  reduction 
in  tube  19A  netal  temperatures,  yielding  U00°F  at  15  knots  and  1300°? 
at  25  knots.  This  condition,  however,  had  negligible  effect  on  tube 
19A  at  full  poser  where  a  uaxlnm  of  1350°?  occurred.  Tubes  13A,  16A 
and  193  remained  free  50  to  75 °?  below  tube  19A  during  Condition  A,  and 
reduced  proportionally  during  Condition  3. 

During  Condition  C  operation,  tubes  13A  end  ISA  dropped  to  1160°F 
at  25  knots,  tut  reached  126 5°F  at  full  power.  Plate  7  gives  comparison 
of  tube  19A  metal  temperatures  for  A  and  3  Conditions,  and  Plate  3 
c chares  tube  ISA  netal  temperatures  for  all  Conditions  A,  3,  end  C. 

Final  steam  temperatures  for  shipboard  Conditions  A,  B,  and  C  are 
presented  in  Plate  9.  The  Condition  A  curve  steadily  rises  free  let 
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rate  to  full  power  with  no  apparent  peai  value  at  any  rate.  For 
Condition  3  the  final  stean  te^erature  dropped  slightly  at  rates  below 
cruising,  tut  regained  essentially  unchanged  at  rates  above  cruising. 
Condition  C  caused  final  steam  temperature  to  drop  approximately  25°F 
to  4O0?  at  all  rates. 

CUSS  1CDIFICA3TCN 

Data  frxn  this  superheater  evaluation  was  independently  evaluated 
by  the  bureau  of  Ships,  3abcock  &  Wilcox  Cccpany,  and  the  Naval  Boiler 
and  Turbine  Laboratory.  I  conference  was  held  at  the  3ureau  of  Ships 
cn  20  October  1961  to  discuss  the  results  of  these  tests  and  to  evaluate 
an  sptiasa  class  codification.  The  class  superheater  configuration 
resulting  free  this  nee  ting  is  as  previously  described  under  boiler 
Condition  D  end  involves  the  removal  of  14  tubes  free  the  superheater 
third  pass  and  the  addition  of  a  refractory  gas  baffle  in  the  lane 
between  the  second  and  third  superheater  passes.  These  alterations  are 
schematically  presented  in  Plate  3.  Cast  slugs  are  installed  in  place 
of  the  reserved  inner  loop  tubes  in  order  to  maintain  the  superheater 
support  structure  as  shown  in  Plate  4. 

CALCULATIONS 

Calculations  were  made  (refer  to  Appendix  II  for  procedure)  based 
cn  Conditions  A,  3,  and  C  operation  in  order  to  evaluate  beat  transfer 
coefficients,  and  to  permit  prediction  of  the  effects  cf  further 
superheater  modifications  cn  final  stean  temperature  and  superheater 
tube  netal  temperatures.  Results  indicate  that  removal  of  additional 
tubes  free  the  third  pass  (above  that  number  removed  in  Condition  C) 
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Till  result  in  acceptable  tube  net&I  temperatures,  Tith  neither 
excessive  reduction  of  final  steam  temperature  nor  excessive  increase 
in  steam  pressure  drop  through  the  superheater,!  This  modification  is 
to  be  accomplished  by  boiler  Condition  D  previously  described. 

Calculations  indicate  that  boiler  Condition  D  Till  result  in  an 
appreciable  reduction  cf  netal  temperature  in  the  remaining  upper 
tubes  of  the  third  pass.  Tube  ISA  is  indicative  of  this  condition  xt. 
that  it  experienced  temperatures  above  1300°?  during  Condition  A,  and 
a  maxi an  cf  1200°?  is  calculated  far  it  during  Condition  D.  The  loser 
tubes  cf  the  third  pass  were  improved  greatly  by  Condition  C,  but  vould 
be  relatively  unaffected  by  Condition  0.  These  calculations  indicate 
that  maximum  netal  temperatures  vithin  the  third  pass  Till  be  in  the 
vicinity  of  1175  to  1250°F  at  75*  to  IGOjC  cf  boiler  full  porer,  rith 
lesser  temperatures  at  other  boiler  rates.  Ifetal  temperatures  obtained 
for  Conditions  A,  3,  end  C  as  compared  rith  calculated  values  for 
Condition  D  fer  selected  tubes  in  the  superheater  third  pass  are  presented 
in  Plate  10. 

Calculations  further  indicate  that  the  mean  gas  flex  through  the 
thiro  pass  for  Condition  D  Till  be  85JC  greater  than  Condition  A  and 
32%  greater  than  Condition  C  at  the  full  power  boiler  rate. 

The  estimated  final  steam  temperature  for  boiler  Condition  D  is 
presented  in  Plate  9,  and  ras  obtained  by  linear  extrapolation  cf  the 
A,  3,  and  C  Condition,  curves .  This  temperature  is  925°?  at  full  power 
and  6S0°?  cruising  xhich  falls  be  lex  the  originally  specified 
run  ism  of  925°?  at  cruising. 


K3TL  PROJECT  3-494 


Tabulated  data  for  Conditions  A,  3,  C  and  D  are  presented  in 
Plate  11. 

smamg  and  discussion 

The  superheater  evaluations  conducted  on  3oiler  23  of  the 
USS  BARHY  (DD933)  yielded  information  cn  superheater  tube  metal  and 
j  final  steam  temperatures  for  three  boiler  conditions:  A  -  original 

shipboard  configuration,  3  -  gas  baffle  added  in  lane  between  second 
|  and  third  superheater  passes,  and  C  -  nine  tubes  removed  free  super¬ 

heater  third  pass  and  gas  baffle  added  in  lane  between  second  and  third 
'  superheater  passes. 

|  Condition  A  resulted  in  tube  aetal  temperatures  as  high  as  1390°F 

in  tube  19A  and  1340°?  in  tube  18A.  Condition  3  reduced  these  tem¬ 
peratures  appreciably  at  nil  boiler  rates  except  full  power,  where  the 
temperature  reduction  was  negligible.  Coalition  C  further  reduced  metal 
temperatures  far  the  intermediate  end  full  power  boiler  rates  and  re¬ 
sulted  in  a  maxims  of  126 5°F  for  tube  loA  at  full  power.  Tube  19A  was 
among  those  removed. 

Superheater  outlet  temperatures  for  Condition  C  were  reduced 
approximately  35‘r  over  the  entire  range  of  boiler  rates  resulting  in 
temperatures  of  S90°F  at  cruising  and  945®?  at  full  power. 

Based  cm  information  gained  in  this  evaluation,  it  ras  mutually 
agreed  by  the  3ureau  of  Ships,  Babcock  &  lilccx  Company,  and  the  Hava  I 
Boiler  and  Turbine  Laboratory  that  a  class  modification  (Condition  D) 
should  include  the  removal  cf  14  tubes  free  the  superheater  tnird  pass 
and  the  addition  of  a  gas  baffle  in  the  lane  between  the  second  and  the 
third  superheater  passes.  This  modification  required  the  addition  cf 
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cast  slugs  in  place  of  the  rezsoved  tubes  to  maintain  the  superheater 
support  structure. 

Calculations  predicting  superheater  netal  temperatures  for  this 
class  modification  indicate  that  caximia  netal  temperatures  Till  be 
in  the  vicinity  of  1175  to  1250°F  at  boiler  rates  of  754  to  1004  of 
full  power.  It  also  ey pears  that  gas  flor  through  the  third  pass  will 
be  854  greater  than  Condition  A  and  324  greater  than  Condition  C  at 
the  full  pore r  boiler  rate.  Even  with  this  increased  gas  flor  it  is 
fairly  certain  that  superheater  tube  rail  thinning  Till  be  appreciably 
reduced  since  the  resultant  netal  temperatures  are  below  the  range 
where  serious  fuel  oil  ash  corrosion  takes  place.  Riel  oil  ash  products 
contributing  mostly  to  corrosion  are  vanadium  pentoxide  and  sodium 
sulphate  which  have  celting  points  at  1274°F  and  1625°F  respectively. 
These  products  have  the  most  corrosive  effect  in  the  nolten  state  and 
therefore  at  temperatures  above  their  nelting  points.  Plate  12  shows 
there  is  a  definite  relation  between  maxima  tube  netal  temperature  and 
amount  of  wall  thinning  experienced  by  the  tubes.  Tube  19A  which 
experienced  temperatures  as  high  as  1390°F  during  Condition  A  operation, 
reduced  544  in  wall  thickness,  whereas  tube  9A  which  experienced  1260°? 
lost  only  314  of  wall  thickness. 

Calculations  for  Condition  D  indicate  that  temperatures  for  tnird 
pass  tubes  will  be  1175°?  to  1250°F.  Tall  thinning  at  worst  will  te 
equal  to  that  experienced  by  tubes  8A  and  9A  during  Condition  A 
operation,  or  about  304  in  10,000  to  11,000  hours.  FORREST  SKE=UA»i 
Boiler  23  superheater  tube  193  had  reduced  664  at  time  of  failure; 
tube  19A  also  reduced  664  but  had  not  failed.  This  indicates  tnat 
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Condition  D  can  operate  for  at  least  20,000  hairs  before  tube  Trails 
are  reduced  to  the  range  required  for  failure. 


~5 


RECTMreKDATIO?S 


It  is  reccmended  that  superheaters  of  the  E093I/DD945  Class 
ships  oe  codified  to  the  boiler  Condition  D  previously  described. 

Work  cn  this  project  indicates  tvo  areas  vhich  should  be  considered 
for  further  study:  One  is  to  investigate  possible  superheater 
configurations  and  locations  which  will  result  in  lover  tube  cetal 
temperatures.  The  second  is  a  quanta  tire  evaluation  cf  the  effects 
of  gas  velocity  cn  the  vail  thinning  of  tubes  by  the  dual  process  of 
erosion  and  corrosion  in  order  to  allow  acre- accuracy  in  predicting 
tube  life. 

ACKhX>il^DG5US37rS 

The  cooperation  cf  the  ship's  Ccccanding  Officer,  his  officers 
and  nen  during  these  evaluations  is  sincerely  appreciated.  Special 
appreciation  is  given  to  LT.  R*  C.  Tress  bach,  Sjgineering  Officer,  for 
his  expeditious  handling  of  requests. 

The  assistance  of  Ur.  Aliya  Lee  of  the  3ureau  of  Ships  in  planning  r 
coordinating  and  conducting  these  superheater  evaluations  is  greatly- 
appreciated. 

The  services  of  It*.  H.  Teitelran  and  Ur.  A.  Sorry rvi lie  of  the 
Boston  Naval  Shipyard  in  rapidly  completing  boiler  codifications  is 
appreciated. 

Ur.  Leonard  Cohen,  Laboratory  Technical  Specialist,  gave  valuable 
assistance  in  a  consulting  capacity. 
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AG-NBA  FOR  SUPERHEATS*  ANALYSIS  TESTS 
_IQ  ffiLUS§-gARHv(K)?33) 

18  September  19cl 

1.  Tests  to  determine  conditions  in  the  superheaters  of  Babcock  U 
Wilcox  DD931  Class  boilers  that  have  lead  to  tube  thinning  ar.d  failure 
*ere  requested  by  3ureau  of  Ships  letter  DD931  Cl/9510;  1X3945  Cl/9510; 

Ser  651A-947  of  29  June  1961.  The  approval  for  superheater  tests,  to 
be  conducted  cn  USS  BARRY  (DD933),  xas  given  in  Ccccander  Destroyer 
Force,  United  States  Atlantic  Fleet  dispatch  0319367  of  July  1961. 

By  3ostcn  Naval  Shipyard  Request  for  Performance  of  Work  IR2-02Q2  of 
7  July  1961  the  Boiler  and  Turbine  Laboratory  xas  furnished  funds  in 
the  azxxint  of  $10,000.00  to  instrument  one  boiler  on  USS  BARRY  and  to 
provide  consultant  services  for  the  test.  Bureau  of  Ships  letter  DD933; 
Ser  651A-1Q07  of  17  July  1961  outlined  the  purpose  and  procedures  for 
conducting  superheater  tests  in  more  detail  than  in  the  Bureau  of  Ships 
letter  of  29  June  1961.  Or.  19  June  1961,  a  conference  xas  he  a  a  a*. 

Naval  Shipyard,  3  os  ten  xith  representatives  of  tne  Shipyard,  USS  BARRY, 
Boiler  and  Turbine  Laboratory,  ar.d  Babcock  U  Wilcox  present.  At  this 
conference  procedures  and  responsibilities  for  test  preparation  md 
conducting  of  tests  xere  discussed.  This  agenda  is  a  final  procccure 
for  the  complete  test,  its  preparation,  performance,  ard  evalua’  ior . 
Pwrrosc  cf  lest-s- 

2.  The  rrimary  consiceratior.  of  these  tests  is  to  make  an  analysis  of 
a  superheater  ir.  a  DD?31  Class  Babcock  U  Wilcox  steaming  boiier  tc 
determine  (1)  conditions  ur.ee r  xr.ich  tube  corrosion  is  taxing  place, 

(2)  «hat  measures  can  oe  taken  tc  extern  superheater  life,  a no  (3)  nethocs 
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that  can  be  used  to  preduct  superheater  tube  life.  These  Defectives 
xiil  be  obtained  by  ins truzien ting  one  superheater  to  primarily 
determine  the  following:  (1)  tube  metal  te^jeratures  in  tr«e  second, 
third,  and  fourth  pass  superheater  tubes;  (2)  steam  temperatures  at 
various  locations  in  the  superheater  steam  passes;  (3)  combustion  gas 
temperatures  in  the  superheater  cavity;  and  (4)  supplementary  informa¬ 
tion  to  assist  in  caking  a  complete  analysis  of  the  problem.  Data  is 
to  be  obtained  both  before  and  after  installation  cf  a  gas  baffle  in 
a  lane  between  second  and  third  pass  superheater  tubes  cr.  the  furnace 
side  of  the  superheater.  It  is  in  the  area  below  this  lane  Therein 
serious  superheater  tube  corrosion  is  being  experienced. 

3.  Superheater  tube  failures  by  bursting  have  occurred  in  superheaters 
of  DD931  Class  Babcock  &  Tilcox  boilers.  The  first  two  of  these 
failures  occurred  on  USS  FORREST  SHERMAN  and  ire  re  located  as  follows: 

Boiler  13  -  19th  tube  up  -  A  or  outer  loop 

Boiler  1A  -  19th  tube  up  -  3  cr  2nd  loop  ir. 

These  failures  occurred  immediately  prior  to  5  May  at  wfcicr.  time 
boilers  had  the  following  steaming  hours: 

IA  13  2A  23 

11S92  11319  12102  12187 

Approximately  12  May,  FtEREST  SHEPJiAS  had  another  superheater  tuse 
failure  as  fellows: 

Boiler  23  -  19tn  tube  up  -  3  cr  2nd  loop  in 
.. .  At  ap;  nominate ly  the  sam;  time  as  the  FORREST  SHERMAN  failures, 

JGHN  PAUL  JONES  (DD932)  had  a  superheater  tuoe  failure  as  f  cl  lows. 

Boiler  13  -  19th  tube  up  -  3  cr  2nd  loop  in 
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USS  UAKLET  (DE94O)  also  had  a  ruptured  superheater  tube  failure 
in  the  19th  tube  free  the  bcttcc  in  the  A  or  outer  loop. 

5.  All  superheater  tube  failures  had  the  following  similarities: 

a.  Location  of  all  failures  wa s  in  the  19th  row  free  the  bottcc 
on  the  furnace  side  leg.  This  19th  row  is  the  top  tube  rci  of  the 
lower  furnace  side  header  section  and  has  a  2-1/2"  space  between  it 
and  the  bottom  tube  re*  of  the  upper  header  section.  The  19th  row 
is  in  the  third  pass;  the  20th  row  in  the  second  pass. 

b.  All  tube  failures  occurred  cm  the  outer  loop  or  in  the  second 
loop  in. 

c.  All  ruptures  occurred  on  the  tube  side  facing  the  furnace. 

d.  All  ruptures  occurred  approximately  90"  frea  the  superheater 
header. 

e.  Ail  ruptures  were  thick  lipped  but  varied  in  size  free  slits 
with  little  bulging  to  rather  large  rupture?  (4"  long  x  1-9/4"  across 
the  opening)  with  mch  bulging. 

f.  Tube  walls  of  tubes  in  the  area  of  the  ruptures  had  thinned 
cn  the  gas  side  on  the  side  cf  the  tubes  facing  the  furnace.  This  was 
especially  so  in  the  outer  loop  tubes  and  thinned  tubes  included  tubes 
free  at  least  13th  tube  free  the  bottccs  to  19th  tube  free  the  betted. 

g.  All  failed  tuoes  were  18  Cr  -  6  Si  alloy  with  nominal  wall 
thickness  of  0.156".  Ail  tubes  in  the  3rd  and  4th  pass  arc  c:  this 
material. 

6.  IXn-ing  examination  cf  boilers  2A  and  23  on  POSHEST  SHE3tAN  cn  5 
\Uj  1961,  it  was  noted  that  there  ras  quite  a  difference  in  appearance 
between  the  super  heater  tubes  of  the  top  two  passes  and  those  of  hre 
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bottom  two.  It  was  noted  that  the  boctcc  two  passes  shored  Tigris  of 
corrosion  and  overheating  toward  the  rear  that  were  not  nearly  as 
evident  toward  the  front  and  that  these  signs  were  non-existent  in 
the  upper  two  passes. 

7.  Observations  similar  to  the  above  were  repeated  on  nolle r  IB  of 
JCEN  PAUL  JOKES  on  16  May  1961  and  were  verified  by  special  inspection 
of  FORREST  SHERMAN  on  31  May  1961  whin  it  was  also  determined  that  the 
19th,  18th,  17th,  16tL,  and  15th  tubes  ''ran  the  bottom  shewed  very 
definite  signs  of  corrosion  as  compared  to  the  tubes  beic*  them. 

8.  Inspection  of  the  BARRY  superheaters  free  furnace  and  cavity  in 
early  July  1961  showed  a  similar  pattern  free  the  firesides,  but  not 
nearly  as  accentuated  as  on  FORREST  SHERMAN  and  JOHN  PAUL  JONES.  Per¬ 
haps  the  difference  was  due  to  the  fact  that  BARRY  boilers  had  fewer 
steaming  hours  than  the  boilers  of  the  other  two  ships. 

9.  It  has  beer,  fairly  well  established  that  failure  of  the  superheater 
tubes  may  be  attributed  tc  wall  thinning  caused  by  vanadium  ash  free 
the  fuel  oil  attacking  the  superheater  in  areas  where  tubes  have  had  a 
high  metal  temperature .  Materials  Laboratory,  Boston  Naval  Shipyard 
estimated  that  a  fractured  tube  from  the  FORREST  SKErSUN  had  reached 

a  temperature  in  the  vicinity  cf  iyxf?  during  boiler  operation.  This 
was  verified  by  separate  Boiler  and  Turbine  Laboratory  data  wherein  it 
was  determined  that  the  failed  tube  free  JOHN  PAUL  JOKES  had  operated  in 
the  region  of  It  is  ir.cwr.  that  high  tune  octal  temperatures, 

especially  above  1150°?  to  1200°?  are  a  prime  factor  to  te  ^orsidered 
as  concerns  toe  urour.t  ar.d  extent  of  corrosion  from  residual  fuel  oil 
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ash.  The  ancunt  of  corrosion  which  takes  place  in  a  particular  boiler 
Till  also  depend  upon  gas  terperatures  and  gas  velocities  entering  tne 
various  sections  of  the  superheater  and  the  anoint  and  condition  of 
the  ash  carried  along  with  the  gases  of  cccbusticn.  It  has  been  con¬ 
sidered  that  perhaps  both  gas  flow  and  stean  flow  aaldistributicn 
have  increased  the  corrosion  rate  on  the  superheaters  in  boilers  of  the 
FCS5ES?  SKEEKAH  type.  To  scoewhat  icprove  gas  flcr*  distribution  and  to 
1  provide  scoe  initial  izprovenent  in  the  superheaters,  a  gas  baffle  for 

installation  in  tie  space  between  the  2nd  and  3rd  passes  cn  the  super¬ 
heater  furnace  side  was  authorized  by  Bureau  of  Ships  dispatch  02203SZ 
of  1  June  1961. 

10.  The  superheaters  of  the  DD931  Class  Babcock  &  Wilcox  boilers 
have  four  passes  containing  a  total  cf  180  U-type  tubes.  Each  tube  row 
consists  of  four  separate  U-loops  so  arranged  that  the  space  between 
legs  of  the  imernost  loop  provides  sufficient  roca  for  a  person  to 
enter  the  superheater  cavity.  Both  inlet  and  outlet  headers  are  on  the 
generating  bank  side  of  the  superheater  bank  with  the  inlet  header  being 
at  the  top.  Two  rows  of  staggered  two-tnch  screen  tubes  are  located 
between  the  furnace  and  the  superheater  bank.  Superheater  tuoes  of  the 
first  two  passes  are  1-1/4"  OD  by  0.165”  thick  and  are  to  Military 
Specification  JOL-T-162863,  Class  E;  tubes  of  the  last  two  passes  are 
1-1/4"  OD  by  0.156”  thick  and  are  to  the  sane  spec  if  i  cation.  :-ut  are 
Class  C.  The  working  pressure  cf  the  superheater  is  1250  psig  a nc  the 
staen  temperature  at  the  superheater  outlet  is  a  cirimn  of  9?5°?  at 
cruising  and  full  power  not  to  exceed  9'TC??  at  any  rate. 
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General  Considerations  and  Responsibilities 

11.  Tests  are  to  be  conducted  an  3oiler  3  of  the  USS  BARRY  (DIP39) 
in  conjunction  with  Post  Repair  Trials  out  of  Boston  Naval  Shipyard 

in  September  1961.  It  is  expected  that  tests  will  be  conducted  during 
cock  trials  and  during  two  days  at  sea;  the  first  day  of  sea  tests 
will  be  conducted  with  the  brick  gas  baffle  between  the  second  and  third 
passes  reroved;  and  the  second  day  of  tests  will  be  conducted  witn  tne 
gas  baffle  installed  ana  will  folic*  the  first  sea  tests  by  about  four 
days. 

12.  The  fact  that  these  tests  are  being  conducted  cr  these  tests  are 
desired  shall  in  no  way  interfere  with  operation  and  safety  of  tne  ship 
under  its  Ccccanding  Officer.  An  engineer  (or  officer)  froa  the 
Philadelphia  Naval  Shipyard  (Naval  Boiler  and  Turbine  Laboratory)  shall 
be  designated  to  head  the  personnel  under  the  Bureau  of  Ships  and  3 ester 
Naval  Shipyard  assigned  to  assist  in  taking  data  and  observing  these 
tests.  All  requests  for  information,  suggestions,  etc.  will  be  cade 
through  the  designated  read  engineer  to  Engineering  Officer  or  an  officer 

i  to  be  designated  by  the  Ccoeandirg  Officer  of  the  USS  BARRY. 

19.  It  is  requestea  that  after  each  day’s  runs  the  USS  BARRY  furnish 
the  Naval  Boiler  and  Turbine  Laboratory  witr.  copies  cf  the  fire rocc, 
engine  roc=  operating  records  and  tne  bell  logs,  and  fuel  oil  sacple. 

It  »u*uld  be  appreciated  that  during  runs  amcurceaent  of  changes  ir. 
operating  conditions  oe  announced  prior  to  actual  cccnands  to  assist 
data  takers  ir.  properly  narking  records. 

14.  Boston  Neval  Shipyard  is  requested  _c  install  the  itstrux'tsti'r 
furnishes  by  Philadelphia  Neval  Shipyard  (Navi  I  Boiler  are  T>.r&vr«* 
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Laboratory)  reaove  instrumentation  after  tests,  and  furnish  assistance 
as  nay  be  required  during  these  tests. 

15.  Philadelphia  Naval  Shipyard  (N3TL)  is  assigned  the  responsibility 
for  coordinating  conduct  of  tests,  assuring  proper  calibration  and 
operation  of  instruments,  preparing  all  data  taking  fores,  collecting 
data,  observing  the  behavior  of  the  boiler  and  preparing  a  report  of 
the  results  of  the  test.  Data  taken  shall  be  such  that  a  reasonable 
heat  balance  be  cade  of  the  boiler  so  that  an  estimate  can  be  cade  cf 
gas  temperatures  entering  the  superheater  and  superheater  cavity. 

16.  In  accordance  with  the  request  of  Bureau  of  Ship’s  letter  DD933, 
Ser  651-1007  of  17  July  1961  that  the  3oiler  end  Turbine  Laboratory  in- 
fora  interested  activities  of  assistance  required  for  the  tests,  Boston 
Navel  Shipyard  was  requested  during  meeting  of  17  August  1961  and  by 
telephone  conversation  of  14  September  1961  to  provide  the  following 
essistance: 

(a)  Install  economizer  thercocoiples  and  stack  gas  sampling  cone. 

(b)  Manufacture  and  install  MHVT  gas  temperature  probe  sleeves. 
Install  all  required  connecting  piping. 

(c)  Manufacture  and  install  panel  boards  for  Leeds  and  Northrop 
recorders,  including  electrical  outlets  and  wiring.  Install  the 
instruments. 

(d)  Assist  X3TL  in  installation  of  instrumentation  and  calibration 
cf  instruments  as  required. 

(e)  Provide  an  ersat  apparatus  and  operator  during  dock  and  sea 
trials. 

(f)  Provide  two  data  takers  curing  dock  ar.d  sea  trials. 
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.7.  An  arrangement  and  detail  of  instrumentation  for  tne  superheater 
evaluation  is  shorn  in  N3TL  drawing  K-3603-0  8  August  19cl.  In 

sumary  the  following  is  the  instruaentaticn  set-up  for  u>e  tests: 

(a)  A  total  of  eleven  thermocouples  will  be  installed  on  the 
outer  skin  cf  the  superheater  tubes  with  all  hot  junctions  in  the  gas 
path  30”  free,  the  centerline  of  the  superheater  headers.  Starting  to 
count  superheater  tubes  frea  the  bottcc,  last  pass,  and  labe 'ing  tube 
legs  A  to  H  beginning  with  the  furnace  side  leg,  the  following  t^be 
locations  will  have  thermocouples:  1A,  IE,  2A,  SE,  9A,  13A,  ISA,  19A, 
193,  and  20 A. 

(b)  A  total  of  32  thermocouples  will  be  attached  to  the  superheater 
tubes  adjacent  to  the  superheater  headers  in  the  header  vestibule. 

These  thermocouples  will  indicate  stean  temperature  ir.  the  various  cir¬ 
cuits.  Counting  tube  rows  free  the  bottom,  and  assigning  A  to  H  de¬ 
signations  for  the  tube  legs  beginning  at  the  furnace  side  leg.  the 
following  locations  will  be  instrumented: 

1A,  ID,  IS,  Hi,  8A,  8D,  8E,  6H,  9A,  9D,  92,  9H,  13A,  13H,  16A,  ISA, 

1SH,  19A,  19D,  192,  19H,  20A,  20D,  20E,  2 -JH,  27A,  27H,  31A,  31H.  32A, 
32H,  and  42A. 

(c)  Two  ail ti -shielded  high  velocity  thermocouple  probes  will  be 

installed  in  the  superheater  cavity  to  obtain  gc^»  temperatures .  Oce 
wiil  be  located  in  tne  gas  path  between  the  third  and  fourth  passes  v* 
the  between  the  second  and  third  passes. 

(d)  Five  thermocouples  will  be  installed  in  t he  gas  path  before  a-  ~ 
after  the  economizer. 
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(e)  A  pencil  type  tnermoccuple  will  be  installed  at  tne  superheater 
cutlet  to  erasure  final  stean  temperature. 

(f)  Pencil  type  thermocouples  will  be  installed  at  both  forced 
draft  b lexer  discharges  to  Deasure  combustion  air  tempers*  -re  to  the 
boiler. 

(g)  Eccnceizer  -water  inlet  and  cutlet  temperatures  will  be  aeasired 
by  peered  thermocouples . 

(h)  CO^  percentage  in  the  stack  gc.s  will  be  measured  using  a  cone 
primary  element  and  an  rrsat  apparatus  for  analysis  and  readout. 

(i)  Ship's  instrumentation  will  be  used  to  obtain  fuel  oil  suppl4* 
pressure  and  the  following  stean  pressures:  steam  drum,  superheater 
outlet,  desuperheater  inlet,  and  desuperheater  outlet. 

( j)  Ship's  fuel  oil  raster  will  be  used  to  obtain  fuel  oi’’  rate. 

(k)  Air  pressure  at  the  windbccc  will  be  obtained  using  ship's 
nancoetcis. 

(l)  Fuel  oil  samples  will  be  obtained  and  analyzed.  Samples  will  V 
taker,  as  close  to  the  supply  burner  manifold  as  possible  during  the 
test  runs. 

I??*,  gY&^s*»'?a= 

IS.  During  dock  trials  all  Instrumentation  will  oe  checked -cut:  final 
calirraticns  will  be  made  as  required  including  calibration  cf  *be  r.ign 
velocity  thermocouple  probes,  and  preliminary  data  will  be 
19.  Tests  conducted  curing  the  first  and  second  day  of  sea  trials  w.-i 
oe  :ne  same  except  that  the  first  day  the  brick  gas  baffle  between 
tre  second  and  third  superheater  pass  wi  1_  not  be  irs*alLec  a*m  tr/* 
secorj  dey  this  gas  taiiit  rhi  be  ihbtail»s. 
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20.  Ail  test  runs  Till  be  cade  aith  tro  boilers  curating  in  the  sni: 
uncer  split  plant  conditions. 

21.  Steady  state  runs  rill  be  cade  holding  the  boiler  rate  ccnstart 
for  a  period  cf  15  ainutes  or  until  superheater  tube  terpersture  data 
beccaes  steady.  Kcmal  fuel  oil  burner  ccchinaiiuis  and  settings  uses 
by  the  ship  Till  be  employed  for  the  test  runs.  The  steady  state  rjts 
Till  be  conducted  at  the  boiler  ratings  equavelent  to  the  ship  con¬ 
ditions  shorn  in  the  follorirg  table  and  at  boiler  full  carer  rating: 


Shi? 

Condition 

Knots 

Lbs.  Cil/31r/Kr 

Final 

Stean  Tenp. 

Op 

Air  Press, 
at  Tind- 
bex  "HoO 

10 

- 

- 

- 

15 

2150 

630 

4 

20 

1600 

950 

3 

25 

7090 

970 

21 

Boiler 
•Ui  Pcrer 

10260 

945 

42 

During  the  steady  state 

runs,  at  least  tro 

rounds  cf  d 

ata  rill  te 

recorded,  and  sore  =her.  runs  are  longer  tnan  fifteen  nir.utec.  Data 
rill  be  recorded  cn  data  sheets  aa de-up  and  arranged  in  advance  vy 
the  Boiler  and  Turbine  Laboratory. 

22.  At  cccpleticn  cf  the  15n  and  25X  steady  state  tests,  noxsa.  chip 
beard  scot  bioring  operations  should  be  conducted.  A*  least  its 
rounds  cf  data  rill  be  recorded  during  soot  blcrer  epe rations  at  eann 
rate. 

21.  At  ccqpletlcn  cf  the  boiler  Toll  pc vtr  steady  state  r_r.  rriz 
speed  sho-ic  oe  brought  to  25X  and  held  there  until  all  ssp  rr.-  i>- 
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temperatures  steady-out  so  as  to  prepare  for  the  maneuvering  run. 
Maneuvering  operations  should  consist  of  rapidly  reducing  the  snip's 
speed  free  255  to  105  in  the  normally  practiced  procedure.  After 
holding  a  speed  of  105  for  10  minutes,  increase  ship's  speed  to  25X. 

This  maneuvering  cay  be  repeated  to  verify  data  obtained.  (Note:  The 
255  condition  is  the  approximate  speed  where  superheater  outlet  tem¬ 
perature  is  expected  to  reach  oainn-s  under  steady  steaming  conditions; 
a  lover  speed  cay  be  selected  by  Ccecanding  Officer,  USS  EAPJSf  if  so 
desired  for  operating  convenience.)  Data  will  be  recorded  during 
maneuvering  operations. 

24.  During  the  tine  that  the  boiler  is  being  brought  on  the  line 
superheater  tube  natal  temperatures,  interpass  steam  temperatures,  and 
data  usually  recorded  in  the  standard  fireroco  operating  record  will  be 
taler  every  10  minutes  after  boiler  light-off.  Similarly,  when  the 
boiler  is  being  secured  the  same  data  should  be  obtained  at  the  same 
interval  until  steam  generation  ceases  and  for  approximately  10  minutes 
after  the  bleeder  team  to  the  auxiliary  exhaust  valve  is  closed. 

25.  Ifcring  the  peric^  that  the  ship  is  getting  in  and  cut  of  port,  th* 
instruments  recording  superheater  tube  metal  and  steam  temperatures  will 
be  cut-in  to  obtain  useful  data  concerning  effects  of  mar-ewers .  If  ary 
unusual  conditions  occur,  procedures  under  which  they  happened  will  te 
logged  and  additional  data  will  be  obtained.  Copies  of  the  engineer's 
bell  book  log  only  will  be  required  for  these  periods.  Data  will  ie 
recorded  as  required  during  these  periods. 

26.  As  tine  permits,  additional  steady  state  runs  as  follows  will  te 
conducted: 
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(a)  At  boiler  rates  below  full  power,  operations  will  be  conducted 
with  various  burner  combinations  in  use  to  determine  the  effect  cf 
bunker  location  upon  superheater  aetal  and  steam  temperatures . 

(b)  At  boiler  rates  to  full  power,  runs  will  be  conducted  with 
various  wind  box  pressures  to  determine  the  effect  of  various  amounts 
of  excess  air  upon  superheater  netal  and  steam  temperatures . 

27.  If  conditions  peuait  at  anytime  during  the  test  period  and  danger 
of  burning-out  superheater  thermocouples  is  not  involved  or  is  no 
longer  important,  superheater  temperature  data  will  be  obtained  during 
an  emergency  high  speed  lighting-off  operation. 

23.  The  possibility  exists  that  data  free  the  first  day's  sea  trials 
cay  indicate  the  necessity  of  removing  siperheater  tubes  in  the  upper 
part  of  the  third  pass  to  increase  steam  velocity  in  that  pass.  If 
this  beccaes  necessary  arrangements  cay  be  cade  to  remove  11  .use  tubes 
before  the  second  day's  trials. 

29.  At  completion  of  all  testing,  the  Boiler  and  Turbine  Laboratory 
repi'Csentatives  with  the  assistance  cf  Boston  Naval  Shipyard  will 
remove  all  instrumentation.  Instrumented  siperheater  tubes  will  not 
be  removed  and  renewed. 


A.  LEE 

Head  Engineer 
3oiler  and  Heat  Exchanger 
Branch 

Code  651  3USHIPS 
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Calculations!  Procedure  used  in  evaluating  Heat  Transfer  Character¬ 
istics  for  boiler  Conditions  A,  2  and  C  and  for  predictions  of 

Condition  D. 

SYMBOLS 

A  Outside  surface  area  of  tube;  square  feet. 

D  Tube  diene  ter;  =  inside;  D0  =  outside,  feet. 

G  Combustion  gas  flew;  pounds  per  hour 

H  Steen  enthalpy;  AH  =  total  stean  enthalpy  change  per  tube  per 
unit  tine  or  per  superheater  pass  per  unit  tine;  3TU  per  hour. 

hs  Stean  enthalpy  per  pound  of  stean;  Ah  =  stean  enthalpy  charge 
per  pound  of  atal*.;:  Btu  per  pound 

hi  Stean  filn  coefficient  of  beat  transfer:  3tu/('ur)(ft2)(°?) 

IXq  Gas  filn  coefficient  of  beat  transfer;  Btu/(fcr)(ft2)(°F) 

Q  Heat  transfer  rate;  Btu  per  hour 

Q/A  Mean  heat  transfer  rate  to  stean  per  square  foot  of  tube  surface 
area  based  on  enthalpy  rise  cf  stean;  Btu/(hr)(ft2) 

H  Cccbined  resistance  to  heat  flew  through  tube  vail  and  stean  filn 
xbere  R  =  Vhp  ♦  l/Uc;  (hr)(Ft2)(°r)/3tu. 

t  Te^erature,  deg  ?;  =  stean  temperature;  -  outside  aetal 

surface  temperature  cf  tube;  tg  =  average  gas  temperature  in 
vicinity  of  a  tube;  A t^  =  temperature  drop  through  stean  filn; 
At^  =  temperature  drop  through  tube  vail. 

Uc  Thermal  conductivity  through  a  tube  vail;  Uc  -  Jc/i*  vbere  1* 

=  2/2  3iy/(fcr)(f.z)(°?). 

Ts  Total  stean  fl»  through  superheater;  pounds  per  hour 

vs  Average  stean  flow  per  superheater  tube;  v‘s  is  other  than 

average  valte  of  stean  flow  per  tube;  pounds  per  hour  ter  v-'re. 
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This  rethod  Involves  the  evaluation  cf  fils  coefficients  arc  r.  at 
transfer  rates  using  data  collected  during  boiler  operation  under 
Conditions  A,  3,  and  C,  and  extrapolating  the  trends  of  tnese  iters  for 
application  to  Condition  D.  These  boiler  conditions  are  sheer,  schema¬ 
tically  in  Plate  3  cf  the  report.  All  calculations  used  the  outer  loop 
superheater  tubes  (plan  piece  805  for  third  pass  and  809  for  fourth  pass). 

Initial  attempts  at  evaluation  used  tube  8AH,  figure  1,  as  the 
basis  for  evaluation  since  this  tube  had  both  netal  and  steam  thermo¬ 
couples  at  each  end.  Using  these  terperatures  to  obtain  a  logarithmic 
nean  temperature  difference  and  a  steam  enthalpy  rise  in  the  tube,  a 
combined  average  heat  transfer  coefficient  was  obtained  by  the  relation: 


This  value  of  R  was  used  along  with  inown  data  from  tube  9 AH  as  in¬ 
dicated  in  figure  2  to  calculate  the  heat  transfer  rate  at  location  ?: 

q.  =  Too?,  -  *s2 
A  H 

The  ratio: 

X  =  VUh 
Q/A 

is  a  factor  which  relates  the  heat  transfer  rate  at  location  ?  v  tr.an 
heat  transfer  rate  obtained  by  enthalpy.  Assuming  that  steam  flow 
distribution  anc  gas  temperature  and  flow  distribution,  are  constant 
ever  the  third  pass,  this  factor  should  hold  relative lv  eons* a:*. 
the  pass  at  a  particular  boiler  steam  rate.  These  R  anc  X  -.ai.es 
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were  then  used  to  calculate  outside  netal  temperatures  at  location  2 
for  the  remaining  tubes  in  the  pass  as  follows: 

Uo  *  (Q/A)(X)(H)  ♦  ts 

there  X-0t  and  Q/A  are  for  the  particular  tube  being  evaluated. 

This  xaethod  yielded  excellent  correlation  between  calculated  and 
observed  metal  temperatures  far  tubes  13  and  18  during  Condition  A 
full  power  run  8.  Tube  19  calculated  teqperature  was  50°?  higher 
than  observed,  and  this  is  probably  due  to  the  steam  flex  through 
tube  19  being  ranch  less  than  the  assured  average.  The  reduced  flex 
through  tube  19  xas  calculated: 

T's  =  [tqp-ts 1  observed 

**  l  Ah  J 

For  run  8,  tube  19,  ws*  xas  evaluated  at  89*  of  the  average  xs  for 
the  pass. 

The  identical  procedure  xas  employed  for  evaluation  of  Condition  3, 
full  pcxer  run  18,  and  resulted  in  fairly  good  correlation  between 
calculated  and  observed  metal  temperatures.  Tube  18  resulted  in  the 
poorest  correlation  with  the  calculated  netal  temperature  being  yp? 
below  observed.  The  calculated  value  for  tube  19  agreed  within  4 °? 
of  observed.  This  xas  unexpected  and  is  probably  due  to  the  fact  that 
tube  19  effective  surf  ace  area  xas  reduced  by  addition  of  a  baffle  which 
countered  the  effects  of  reduced  steam  flow  in  the  calculations. 

The  foregoing  results  indicated  that  the  inside  (steam)  film 
coefficient  varies  appreciably  with  boiler  Conditions  A,  3,  end  C.  it 
was  therefore  necessary  to  evaluate  the  trend  of  this  coefficient  in 
order  to  predict  its  value  for  boiler  Condition  D.  This  was  accccpiishid 
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by  evaluating  the  inside  fils  coefficient  as  foiiofs: 

_1  =  -  _i_ 

'%  Q/A  Uc 

for  selected  boiler  rates  free  20J  to  100J  full  poser,  and  plotting 
these  values  against  total  ste&n  f lor  as  shorn  in  figure  3.  These 
curves  are  extrapolated  to  Condition  0  by  taking  14/9  of  the  numerical 
difference  betxeen  the  3  and  C  Condition,  curves.  Similarly,  the 
total  heat  transferred  to  the  stean  for  each  tube  is  plotted  in 
figure  4  and  extrapolated  to  the  D  Condition.  Constants  predicted  in 
this  manner  re  re  used  in  conjunction  rith  information  freo  Condition  3 
test  runs  in  order  to  predict  metal  te^eratures  for  boiler  Condition  D, 
as  f  oilers: 

Encvn  (fxen  Condition  3  test  runs;  sane  as  in  Fig.  2) 

¥s 

tSl  (entering  particular  tube) 

(at  tSl  and  1200  psia) 

Assumed  (boiler  Condition  D) 

Li  tubes  removed  (remaining  =  44-14  =  30) 

Baffle  added  be trees  2  &  3  passes 

PrygSyg 

EvaluateAH  at  Ws  (Fig.  4) 

Evaluate  he  at  Ts  (rig.  3) 

L3/nour/tube 

33 

Q/A  -  Aii  Slu/hrrt2 

Ah  =  Ag  BvV13 

*s 

Steam  Enthalpy  at  location  2. 

*s2  =  ♦  Ar. 
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Find  iSo  at  and  1200  psia  frc=  stean  tables . 

Ternerature  drop  tircugr.: 

Stean  filn  =  Ats,  =  2/n 

h. 

Tube  -call  =  Atr->  -  Q/A 

»e 

Outside  tube  netai  terperature  at  location  2: 


too  =  V,  *  At: 


s2  '  At=2 


Concent 

The  Q/A  value  used  in  these  calculations  is  a  Lean  heat,  transfer 
rate  for  the  o articular  tube  based  on  enthalpy  rise.  Toe  stean  film 
coefficient  is  based  on  observed  stean  and  octal  temperatures 
location  2  end  the  lean  heat  transfer  rate.  This  coefficient  is  there¬ 
fore  valid  only  shea  used  rith  the  nean  heat  transfer  rate  for  c-.a— atior 
of  terperature  at  location  2. 
re  Quire 

Resultant  tube  octal  terperatures  as  calculated  by  the  forecoinc 
oetnod  are  sh.osn  in  Plate  10  of  the  retort  for  tubes  9,  19  and  IS. 

These  calculations  predict  an  appreciable  reduccicr  in  teeperabun  e 
free  the  0  to  D  boiler  Conciticr.  for  tube  IS,  tut  r  tactically  :.c  entry;., 
for  tubes  9  and  13.  Tr.._  -coditicr.  nay  be  expiairec  by  the  fat 4  ‘hat 
stean  enthalpy  rise  per  tube  (Stu/br/tube)  is  not  the  sane  for  all  to— cr 
ccnacticns.  That  is,  for  tune  18,  the  enthalpy  rise  ine-eases  ir  the 
orccr  C,  3,  A;  there es  for  tubes  «  and  13  tne  enthalpy  rise  increases 
ir.  tne  crccr  5,  A.  C.  This  indicates  teat  Conditior  C  sh.u'-ei  a 
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greater  portion  of  the  work  free  the  top  of  the  third  pass  to  the 


lower  tubes  in  the  third  pass.  This  greater  transfer  of  teat  in  tubes 
9  and  13  probably  overccoes  the  effects  of  the  increased  stean  filn 
coefficient  due  to  increased  flew  per  tube  during  boiler  Condition  0. 

This  effect  is  naturally  carried  through  to  the  extrapolation  freo 
Condition  C  to  D. 

Qa is  Qg  fiigjaj&iUga 

Vertical  distribution  of  gas  flew  through  the  third  pass  was 
evaluated  by  dete  mining  the  gas  side  filn  coefficient  of  heat  transfer 
for  tubes  9,  13,  18  and  19  during  Conditions  A,  3,  end  C  by  the  following 
approxina ti on : 

=  a& 

Since  this  filn  coefficient  is  proportional  to  G11  for  a  particular 
configuration,  we  ray  write: 


This  relation  nay  then  be  used  to  ccepare  gas  flows  to  a  c croon 
base.  This  was  dene  by  relating  filn  coefficients  of  all  tubes  under 
consideration  to  that  for  tube  9,  Condition  A.  This  procedure  resulted 
in  a  flow  pattern  os  shorn  in  figure  5  for  Conditions  A,  3,  and  C.  The 
near,  gas  flew  through  the  pass  increased  approximately  5*  frtc  Condition 
A  to  3  full  power  runs,  and  increased  an  additional  £,&%  during  the 
Condition  C  full  power  run.  This  is  probably  due  to  the  fact  that  the 
reneval  of  tubes  reduced  the  resistance  to  gas  flew  through  the  pass. 

A  similar  evaluation  shows  the  flew  through  the  third  pass  will  increase 
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